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Abstractor JP 2001267242 (A) 
PROBLEM TO BE SOLVED: To provide a group III 
nitride-based compound semiconductor having few 
through dislocations. SOLUTION: A sapphire 
substrate 1 is etched in a shape of stripes, each 
having a width of 1 0 &mu m and a depth of 1 0 &mu 
m, with spacing of 1 0 &mu m. Next, a buffer layer 2 
of AIN is formed with a thickness of about 40 nm, 
mainly on each upper step face and on each bottom 
face of the steps of the substrate 1. Then, a GaN 
layer 3 is formed by longitudinal and transverse 
epitaxial growth. In this occasion, the steps are 
covered by the layers formed by the transverse 
epitaxial growth from the buffer layers 21 formed 
mainly on the upper step faces of the steps, and the 
surface is flattened. The number of through 
dislocations is remarkably suppressed in the upper 
section of the GaN layer 3 formed on each bottom 
face of the steps of 10 &mu m depth, as compared 
to in the upper section formed on each upper step 
face of the steps. 
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[ 0 0 3 9] H2ttiKEl olfeMcomraf-t^^^Tii 
[0 0 4 0] B 5 itXfi 1 y 7 7l 2 trMLfcw 

rt*;h/c^*^aetE 1 oasiojEffi&uHBiB'eoiiwiPi 

fca*Sr«5 (HI5co (c) &t>* (d) ) 0 Bl2co 

(a) <d?j i/^y<nmtmis\±s ±.m<D£?ttmL<n 

ftB*>fe«#iR]fiiaH-S 1 i l^»flA**b*»¥*f«i 
3 2 3ftsaj6fra«>5«r^ a^o-taBtJBfiSiStLfcx^ 

20 7 7 jf 2 1 «:» t LT«t>mf^MtS 1 1 

fb**4bft**M«tti 3 1 ^a*ro±»*r«5 J: 5ft£ 
£tL& 0 IH2C0 (c) -Ci±«^[Rl^t e ^^^^yu^B 

{1 1-2 0} B-efcaW^SrftffiLTV^ 
*s> **Wr±a:*Bmi»S*tbftv\ 
[0 0 4 1 ] H7J±, K«l<7>*B*rJltfeUfe<7>t>^s/ 

ft ¥JgSJB # -e # flort*aK V V<y77l 
2 2 ±£r N B^5StLTVNftV^55-^^S^^S/7 7 
30 if 2 1 SrSCt UfcllI«»b«*^«^»ff3*SttR 

[0 0 4 2] i8lt StfloXBtmbLfcO*,!!! 

^{b^^b^fe^fr^B:^j*i-5^ffico^^fc 
S 0 *B^3IEixft:«B4J'AOBa«SH:, m^3tW»A±{c: 

*^^IIIJR»b«*fl2*«*»«:3 2±«r, ®coFu 

^0 [0043] ±Vd.<D&m<D3&&<Dj&mt LTtt, 7jfeC0^ 

[0 0 4 4] X£Ji^lllKtt{btt»fb'fr«^«ff:«r)IR 
»ca»Sr»fi8;i-S»frW:. X£ t Ltttf7 7 T , > 
y=^(Si), Wb4r>f*(SiC), ^t°^^(MgA| 2 04), Zn 

0, Mgo^co^co^^ B B B s^, y^b^y^AXttftfc 
y *A©J:5*:lll-VJWb*«^W#fcSv^tt»b* 
y ^i^ (QaN) ^cofeco 1 1 IKft{b«»{b^«^*ff:*«rffi 

[0 0 4 5] 1 1 UR»bft*-fb*«*W#JISr»*1-S 
5(? *8fefc LTtt*«AJl«ffi**tt (MOCVDXJiMOVPE) ^ 
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ft*m%&J&M:m (MBE) . /n^^Y KStfl 
fifcfiiSfe (Halide VPE) , «K4S^:ft& (LPE) If&JB^T 

[0 0 4 6] «itf*7T>f TSS-hJ31lliaia'ft«* 

ylm-y-yN (0^xS1, 0^y^1, 0^x+y^1) , «t 9 
L< teAUGai-xN (OSx^D asffl^£>;h/5o :o/<y7 

v\ /<y7rio»**jStt, 380— 420*cto(g;?ar^fi8: 
-rsfc<©-et>A<, ist-iooo—ii8o e c<7>(siaT\ moc 

sCAIxGay Im-x-yN (0^x^1, O^y^l, O^x+y^l, #1 
riWtttffit) ^y7rI^M«^i:m5c IE 

HJ;5^5'77llt 200-600^^ 5 <7^ii£ LV\ 
* ^a* L < te300-500 o CT*£> «9 , S £> \zM^ b < tt 
350—450 € C-C*>3 o rtb^O^^^^^ U ^^*vfe^^3® 
JR»jfe*rfflV^fc»'fi"JCtt, /^77lWStt, 100-3 
000A^a*LV\ £bJda£L<f;£, 1 00-500 A^M 
£L<, ftt>M£L<f±, 100-300 A *fc, « 

Jf) fcL/rt>Av\, »£*«:flfv^»&tt:, «^ 

*n^(B), ^J9A(TI)"«*»i"r^ 

(N) <7>»&-«5 £ y > (P) , t m (As) , T >- (Sb) s 

fc** ^ * (B i ) T*g£ T t> W * Hlft t^ffi "C # 

t * (As) fc* LfcVM I IJfiaft4to^t-fr»^**TfcSA 
IxGai-xN (O^x^D tc s TA-^^-MAI), # V V J* 
(Ga)«fc t) fcW^ft^Sft-Y^i^^AdrO, Xfcta* 
(N) «t t) feW-^^o** ft (As) «r K-^t5 r t T% 
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7(5 

o omi o o o #<di fisted -eTtf 5 r ^t-e# 
srt^a* LAV 

[0048] nmniimmm^k&yo^&m&M 

nlT^»tU, Si. Ge, Se, Te, 
fc., pMi^LTH Zn N Mg x Be, Ca x Si\ Ba^II 

[0 0 4 9] W^^tf^^^/urititi: LTfifiKftffi 
tf&tEKiSi*: hit* ^<D&m$L bi^, LTM 

[0 0 5 0] ^fp]xt°^^->t^I^LTtt 

rtjm b° * dp- ^ jvjs&m <o'>t£ <t*>±Mt m$m t n 

20 iil"Cfe5ri:iU5aSL<, 3Efcttv^-r*bt 1 1 IIS 
^ftife^^b^^ffco {i 1-20} i-e*>5ii*s 

[0 0 5 1 ] xj/fy^tSRfc «*i:«^BB«^ 

[oo52] atR^fcsuirs i \mmmmt&m* 

30 0} S) Xttmffi ( {1-10 0} ffi) ir¥fT£ft5 J: 

^jfcOaS^UT (1 1-20) m*m35fa=-¥#*i>' 

IK*^**{b^»^Wft:Jl<OmBT?«>S (1-10 
0) ®^aii:i-So WtBl*tf77^70affiX 

ft^tfc-t^tt^ftsRt-rsw-frt. mm) 

to*m#M<n {i 1-20} li-stsriisaiL 

[0 0 5 3] »{kS*(Si02) s ft 

czrox)^^^^, a^*, ^tbbcD^mm^h^^ 
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[0 0 5 4] ^y^^^Sri-sa^ttRjett-Y^^f— 
^^f^^ (R I BE) *SH4LV^s % ffiStf)^?- 

[0 0 5 5] JiEwjriiteffi<D»WJSixfc««*r*i-s 

**jitt*M^#F*3s (mqw) N m-& 

■^#F«fg (SQW) COM. *^*a£ % ^nflBBL ^ 
ftp n^fia^ML-C^gV^ 

[0006] ji*©, nm^comm^thtzmm^ir 

[0 0 5 7] *«Uf3<7)j|i/B±: Lt, XttAQAKl J: 19 JTifi 

Kiii5{uco^> * v ^isc t # v ^« * wi- 5 1 1 1 mmtm 

fk*5Rfb*4* a l t <W*:W*:»5r.4:*s-C*S 0 Profit, ft 
iWBffio#v^«±»T<Z)J|S 2 co^fo^ f # * ^ /u 

[0 0 5 8] J£AT, ^^M^HMICi^^T!^ 

[0059] I llfifcfbfc^fb^fc^Wfttt, 

W*&Mfb*4MEffififc*i5fc (J^T TMOVPEj fc^-f) ^ 

^-TCNHa) k*r* V Ttf^flteXttte) i: h y y ^ 
#y^ (Ga(CH 3 )3, J^T TTMGj fclBi") h y t< ^ 
/U7;u^-^^ (A!(CH3) 3| J^T UMAj fclEi") , h 
y^/W^v^-A (ln(CH 3 )3, J£*T TTMlj >|S 
■f) , is"? n^s>^ is *y j± (M g (c 50 
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;<? 

sH 5 )2, J^T TCpaMgj ir|2i-) T-*>S„ 

[0060] m i lasfflD #«tt»&rm«a^ j: 9 

v'V^J; «9 , iHIOjum, PflHB10/im x i^£10 M mco 
^h7^y«^i«U: c ?ag^40(TC£ 
U teSrIOL/miru NHs&SL/miru TMASr20jumol/min7?j|& 

Lfc 0 ^ y 7 7 1 2 filfi 1 <7)ti<?)ii:life® t Ei 
£j^U H2&20L/miru NH3 £r10L/miru TMG2r5Mmol/min 

(c) ) 0 rcoot^ H2^r20L/min, NHs £:10L/min, TMG 
£300^mol/minT^AU GaNJl 3 -ti\ lO/zmco 

»S£Lfc„ GaNJB3 0\ £:ElO«S1O/iin0>S*0>jE 

[0062] cm 2 naspo ^a^xtfliwfta^j: ^ 

^*^400 o C<tL, H 2 ^10L/min, NH3Sr5L/min, TMA^r20 
Mmol/mint?*S)3^BB«tj(&LTAINO>'<y 7r» 2 ^r^40n 

(b) ) 0 

[0 0 6 3] t^^ N f-7TYT*Rl<Oja*«r115CrC^ 
H 2 <lr20L/min, NH 3 ^10L/min, TMG^5^mol/min 
tiALT, «^^^^b°^^^^/^S^J:^Ga 
Nil 3 Sr^j&Lfco rcoat, ±^^co_b^®tc^^ 

^fc^y77l2 1 ^^bC0^^f^rnh: o ^^r^^/Uj^^^ 
J: 0 a**SBItetb % *BA«^Fffli:3io*: (@5© (c) 
RU 5 (d) ) o Z<D<D-h^ H 2 $r20L/min s NHs^rlOL/mi 
n. TMG^r300|zmol/minr**AL. GaNS 3 Sr^fcft S-tir, 1 
O/jLm&m&k Ltd e GaNil3co, ^ffi 1 co^^10/i mol^: 

[oo64] cm 3 HKg^ii] *«jsic»ar«iR«!a^ J: »9 

RJStt-Y^-^lT— J^^ytf-ls? (RIBE) £J3V>fdl 

ta£*r400 < Cfc U H2^10L/min, NH 3 ^5L/min, TMA 
20^ mo I /mi n-Cj»345'IB«ie LT A I Nco^< 7 r if 2 £ 

ofc (H 7 CO (b) ) D 
[0 0 6 5] f7 7^7Sfil <O!ft*t1150 , C^ 
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fiM^U H2^20L/min N NHa £:10L/min, TMG£r5 n mol/min 

NB3 4r»j«L,fc D i[:il^^«2i 

cD^^r^m tr * =3f- /Wft* J: 0 3o?i&h,tf>fflJ#as 
mioti, k ft o± (H3 7co ( c ) 2fer^ 

(d) ) . r H2£20L/min, NHs £:10L/min, TMG&r 

300 M mol/minT-2gAU GaNB 3 3Mm^^ 
Sfcbfc, GaNB3<7), Efi 1 O»S1O0mO«*0>j£K 

fcwa^j* lt jratett^L< »*. btt^o 70 

[0 0 6 6] S4«« *SH*«-CW:, IEI12C0J: 

ljl*B£ bT, LfcS (.m&m) *m 

U ¥^t7 7^7Sfil±^ ?UJg£r400°C£-e 
lgfF£i*:T, H2^10L/min. NH 3 £r5L/min, TMA&20mitioI 
/min-e«j3^Mft«&L"C« 1 coAINB 2 l l £&j40nm<£>J?[ 
£tcff^bfc 0 U-^r-TTftEl CD^^r1000°C 

fcfSfifU H2£r20L/min, NHs £r10L/min N TMG£300 M mol 
/niirrCWAU JKJ?*t)0. 3 n mOGaNB 2 1 2 b 20 

fc 0 *K*fi££400^£TMg;T£^T, H 2 $r10L/min, NH 
3 £:5L/m in, TMA£r20jumol/mi n"e«j3^IW^*& ITS 2 <Z) 
AINU 2 1 3Srl&40nin^ffS^«*b*:o :HT, R 
ii:^)40nm^m 1 coAINjf 2 1 1 , RVftO. 3 ^ mCDGaNB 2 

1 2, KJ¥»40nm<o«2<DAINJB2 l 3 a><bj£5»ffiB 

2 0Sr»«Ufc. 

0°Ci^^L s H 2 £r20L/min, NHa £10L/mf n, TMG£r5/zmo 50 
1/mirreWAU GaNB 3 ZWlfa^t 0 * dri/t^*t^ 

Ha^UIfe*^ *WdS3Fffli:4ofc 0 r<zxz>*>, H 2 £20 
L/min N NH3 £r10L/min, TMG £-300 p,mo\/m\ n~C>^ A L , Ga 
N« 3 QaMJl3«r10/iin<7>Ji:Sibfco GaNB 

3^, "9-7r^TXtEi©*S10iBin^a*©jacffiJi* 

[0068] mssmm] mimi&fflkwimizi&j&i, 40 

fcfra^Jbfc* m 1 3co«fc if^Va-— K (L 

D) 1 0 0 5 KLTHMfcbfco {1U GaNjl 3 

<DJ&gt<DW^ is^ls (SiH 4 ) £*|Ab-C, GaNB3£rv- 

*<o±«Bft VJSB^JBAS y 7 y m 2 XtK«* 
&S«>T^<5g(S#<7)GaNB 3 SrflWrT, ^m/N 1000 
drfEigcb, -ttbBWOGalWi 3 SrGaNB l 0 3 <hiS«rr 

[0 0 6 9] ^l^fSf77-f7l^ AIN^b^c 50 
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S^77 7 lv t©BkKSrJI5 nS!6aN»36*fejs8;5^in 
^B 1 0 0 0 1: n^GaNB 10 3C, S^tj =3 ^(Si) K~ 
^coAio. osGao. a 2 Ni6^ ^>J^c<5 n^7yKBl04 N 
= >-(Si) K— ^GaN^^^S n^f-f KB 1 0 5 S MQ 
W*pf3£cO|§ftJi 10 6, ^^v^-MMg) K-^OGaN 
i^SSp^ KBl 0 7, ^^v^-MMg) K-yo 
Alo. 0 b Gao . 9 2 N^kfi£5 p # 7 y KB 10 8, 

A (Mg) K— ^coGaN^bfife^) p ^ hg 1 0 9£ 

Mbf: 0 W:p = ^^ Ml 0 9_b{^(Au)^bfife 
5W1 1 0A^ 2A(OGaNJ|j: n^GaNgOg-fUlk 
OGaNgl 0 3 3&SBffli-S*-e— SHyfy^LTT^ 
^^A(AI)^bfiE5«ai 1 OB&MLto -Oct 
5^LT^bfcU~if^-r^--K (LD) 
L < fp]_h bfc 0 

[0070] CJB6HXM] ^iSMi«ii«l 
fc^^jbtc, Hi 5&3B*^*— K (LE 

D) 2 0 0^J;5l-ttMLfco flU GaNjf 3 
O^fifcOlS, iy^^ (SiHO ^iALt, GaNg 3 ^r-> 
U =^(Si) K-^c0nS!QaN3&^^SBi: U/c 0 ft. Si 

SrSi6TU^5(B^QaIIB3*rflHi:T, ^^2000 
fclB«U ^r^t^cDGaNB 3 ^GaNjf 2 0 3 irtStfei- 

[ 0 0 7 1 ] if^r^TSte, AIN36*britS^5/7 7 
B, ^M^S^)SGaNji^^^;^ 1 >^^^2 0 0 0 k n^G 
aNil2 0 3lll s is}) ^>(Si) K — *7"<£>Alo. oeGao. 92N 
*^S5n^75'Kl2 0 4, ^^f;il2 0 5, -*if**s 
^A(Mg) ^AIo.oeGao.92N^^j5g;Sp^7y KB 
2 0 6, ^^i/^^CHg) K— ^cOGaN^fcjS;^ p 
^^M2 0 7Sr»*Ufc„ &fCp=i^^^ M207 
±td^(Au)^^^S«ffi2 0 8 A^:, GaNjf £ n MGaNB 
o 2 ^coGaNjf 2 0 3$mm-fZ>l£r*— n^y^^L 
TT^5 = *A(AI)}&>6ritS«;«2 0 8 B4r»j*Lfc. 
rroJ:5i:UT»filLfc*3fc^t- K (LED) r±X 

[0 0 7 2] (17 HJfcffll] LT-> 
y =^(Si)atSSrfflv^ 0 isD ny(Si)S^3 0 1 
y^^V^^ fptHOjum, r^Pi10/zm, ^^10/im^)^h 

«aft«r1150 l C^fiy<PL, H 2 ^20L/min, NH 3 ^10L/mjn, T 
MG^r5/zniol/min, TMA^rO. 5 ju mol/min, H2 ^f^l^J: 

RS*bfcfc^7^(SiH4)S:0.01 Mmol/min-e«i|&U > 
y = ^iK«a>«*0>±»ffi % jlij®, itE^bn-Alo.iBGa 

t>ti* *I/m^^otco^, H 2 ^10L/min, NH 3 ^10 
L/min, TMG^100Mmol/min, TMA^r10/i mol/mi n, ttitfx 
tdct 5«rR$^^->7XSiH4) S:0. 2/iraol/min-efit*& 
L, n-Alo. isGao. 85NB^^^^, 3 /z mCDW- £ k L 
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tz a £XTs is!) ^>-»£3 0 1 kn-kh. isGao. ssN/i 3 
0 2 SrflHtT ^31^3 0 0 0 ir|Sit^^ 0 
[0 0 7 3] ±fB(^J:^^^3 0 0 0 (iSMSr^ri- 
Si^y =>-S«3 0 1 k*<D±\z.MjjiL£*Ltzn-h\(i. isGa 
o. asNJf 3 0 2) iifziv-JJ =«^(Si) K— ^GoGaN^tbfifcS 
n KI3 0 3, MQW«a£(7)3£^Jf 3 0 4, ^ 9* 
i/t? ^ CMg) K— :AoGaNa>bJ&3 P WK|3 0 5, 
^v^Afflg) K—^coAlo. osGao. $iWfrh$L%> p ^7 
S> KJf 3 0 6, -v^i/^ACMg) K-^cDGaN^bJ^ 
P^>^^ Ml 3 0 7 ^J*Ufc 0 ^C^p ^l/?<? bM 10 
3 0 7 _htC^(Au)^^^^>mtl3 0 8 A£\ ;X >J =* 
S3 0 1»S^T/V-^^«>A(AI)*^JScS«*3 0 8 B 

Sr»«bfc„ rco*5fcbT»jS;LfcBl 5©i — W 

>T^--K (LD) 3 0 0f±^#MOT)fe^fL 

<iea±Lfc. 

[0 0 7 4] CJB8»K#ID *»«-Ct)IfiiLt^ 

y ^>«tk3 0 1 {^fifcSttfen-Alo. i5Gao. asNJI 3 0 
2 £|f3«{c, ««Sr»-r5ix9 =2>-m£4 0 1 £-ttf>± 
i^JSfc^iT.fcn-Alo. isGao.asN/f 4 o 2<D^7^^4 0 0 .20 
OSrJBSL, f*!4 0 3, ^^v-^-MMg) K— ^ 
Alo.isGao.asN^bfifcSp^^y KJf 4 0 4£r^j£b 
fc. J^t-P ^75'K|40 4±ic^(Au)**fejjc5«a4 
0 5A^ v'y^ySfi4 0lI®(l7^^^^(AI) 
^^5^84 0 5B^MU: fl r^i^flLTM 
UfcHl 6(Z>**^-f K (LED) 4 0 0tt|fj(f 

[0 0 7 5] [aiy^^^WgE*] B 1 7f±, A 

ttfcSMSoift, *Wiffi3fch,tt$i k B irmS&tx&jE:: S 
ttv^(BJ»*r»fi)£i"S«-C«>a. HI 7 co (a) tt. ^JH jo 

^(IWLTIV\ HI 7 CO (a) -Ctt, A*t^^McO 

ffl^^sj-Lffimttais^B) j±3{g(7)®ii^*i-5o mi 
7^ (b) -er*, »4*^«**>±«fc»L, Moei 

b) te8{g<z)E«£;fi-a 0 

[h 1 1 i ^aot«!i^«5 1 1 mmtmmt 40 

J6X«S:?jH-*rffiH. 

[in 3 ] ^s^s7 6ohj6«i^«5 1 1 mmitmmik 
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IB 6] #«noBUOlIllfift^«X^^¥«^fi 

^xm^^-rsiT®H 0 

[87] ^%noffi3^^M(c«^lllKft{iA^ 

[Hi 9] *«RoK^BiJ(Dlll^§K{UbX^«¥ffff 
^»5&xm^:^i-»f®Ho 

tfOj»5SXSS:^i-»fD5ia o 

[811] **WoJE^giJollllS»t»*{b*»i|^ 
tfwM3tXf!£^i-tra8o 

[812] *»^0*4 0||ifi«liJ{C«SIIIK»fc4fe^ 
ft-fi*^#:a>«aSXS*r^-ri(fffiiao 

[813] ^m(oms<Dmmm\z.m^\\mmm^h 

[8 14] *«Wo*6^|iase!I^SIIIfi5»fc:«i* 
[815] ^»^ofK7o|£lkM(c«diMjKtt{b«b» 

[816] *^P^^^8 6OSft0iJ^^|||^{b*^ 
{i-^^^5t#T*60«^^r^-r^fffi8 o 
[817] mi wlllKK<b**Yb*»^*ff©^jx^ 

[8i8] \\\mmtmmk&m*mfc*&M^%-wwk 

1, 1 0 1, 201, 301, 401 Si£ 
1000, 2000, 3000, 4000 J&g£Wi~ 

5 xs t * -? t m t mm&m 5 1 1 \ mmmmt^m 

2 /<5/7rI 

2 0 sj&g 

3 1,3 2,3 3 II l)Kftfc4feX{bg«¥*# 
1 0 3, 2 0 3 n-GaNjf 

104, 204, 302, 402 n-A I GaN ^ =7 y KJB 

1 0 5, 3 0 3 n-GaN;#V Kit 

106, 205, 304, 403 ft%M 

1 0 7, 3 0 5 p-GaN^V KJf 

108, 206, 306, 404 p-A I GaN ^ 7 * Kg 

109, 207, 307 p-GaNJI 

110 A, 208 A, 308 A, 4 0 5A p fflfc 
110B, 208B, 308B, 405B n MM 
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[812] 
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7 cj 1/ h^—i/OWi^ 

F*--M##) 5F041 AA03 AA40 AA44 CA04 CA05 
CA33 CA34 CA40 CA46 CA65 
CA75 

5F045 AA03 AA04 AA05 AB09 AB14 
AB17 AB18 AG07 AC08 AC12 
AF02 AF04 AF09 AF12 BB12 
DA53 HA02 

5F073 AA45 AA74 CA07 CB04 CB05 
CB07 DA05 DA07 DA25 DA35 
EA29 
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